PAT -NO : 



JP409027612A 



DOCUMENT- IDENTIFIER: JP 09027612 A 

TITLE: QUANTUM EFFECT SEMICONDUCTOR DEVICE 
AND ITS MANUFACTURE 

PUBN-DATE: January 28, 1997 



INVENTOR- INFORMATION : 
NAME 

SUGIYAMA, YOSHIHIRO 
SAKUMA, YOSHIKI 



AS S I GNEE - 1 NFORMAT I ON : 
NAME 

FUJITSU LTD 



APPL-NO: JP07173653 
APPL-DATE: July 10, 1995 



INT-CL (IPC) : H01L029/06, H01L021/306 



ABSTRACT : 

PROBLEM TO BE SOLVED: To form a less damaged dot in a 
specific position by a 

method wherein a dent having sides focussing both on the 
dale and hill is 

formed so as to grow continuous mixed-crystal semiconductor 
layer in different 

band structure of carrier on the crest or the side 
encircling the crest. 

SOLUTION: When an SiO<SB>2</SB> film 2 is deposited on 
an N<SP>+</SP>type 

GaAs substrate 1 having (111) B surface to anisotropically 
etch away the 

substrate using this film 2 as a mask, the etching step is 



COUNTRY 
N/A 



automatically 

stopped as soon as a triangular core circumscribing on an 
aperture part 3 of 

the mask 2 is formed. At this time, a cavity 4 of the 
triangular cone formed 

on (111) A surface is formed on the lower part of the 
aperture part 3 . Next , 

after successively growing a GaAs buffer layer 7, an InGaAs 
well layer 8 and a 

GaAs cap layer 9 on the surface of the dent 4 of the 
substrate 1 covered with 

the mask 2, the mask 2 is removed. Through these 
procedures, an epitaxial 

layer grown on the wall surface of a regular tetrahedron 
can exhibit a band 

structure in different InGaAs layers on the crest and the 
side . 
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JfttSXyf-y^Igfc. 

mM%*mzm£ l mi*nfRmftoJMX'i>^X. w 
ElI&±fcm&£ffltm£fflH±fct^yT<DA>K 

[fft£«3 3 lufix y^-y^xg**. ffiSZ-vxiKVffl 

im$m4 ] mie^R*'' ( 1 1 1 ) wmzm-zm 

mfrtfsm (ill) AB£fflffifc-rS3|ll2ra;<7)Z 

a. 

[if *jS6 ] $tt, tffi'oj rm®MJMt mm 
wsamp&m&Bit&tu mtmzm&tztinfrix 

ffi±fc t^-r U 7W> TOia#gfrsaKU5g 1 ffi 

c. 

[ft*^ 1 0 3 BuISm 1 * ttiJIS 2 OWHPfMtt) 

im$mi 1 3 iresBi ifcii^2<oss^frsw 

4*5r< fc & l^roEffl!ffi±<7)ff§*«-if-T^S<7)2© 



[itscffl 1 2 3 mrtam 1 $fcU£2oayi¥gfM4> 

4«5r< fc t> 1 ^*q^«!BsS- K-7S*u «T K >y h 2 £ 

i^ftm$:mi&t&mm9 man tm^m.^m 
[ft*ai33 meskp ( 1 1 1 ) Bmrnzirrz 

EDI»aP3O0> (111) Affi£fflfflfc-f & 3@*«Ja7> 
Hftl6fflST*5M*i9. 11. 1 20>VYtfi4»££ 

io mommmmimm. 

iwnm 1 5 3 me^y r&pA i g a a s itji i 

1 6 3 1 n PT\ HOieWf^ft: 

S^InGaAs PJ|?& tft&B 1 3 fBffitfATS&S 

[B8&S173 mE^'DTa*«InP^«InAl 
20 GaAsP-C&Sif*Jil6Sac0i^!^t^^ 

iit*« 183 $ t> tz—Hommzs*. mm.? h 

[00013 
[00023 

imams} ¥mfcT'^ ^izMLxwrnit^mmm 

[0 0 0 3 3 ^Mr'JTcDg *Jg& l<JC7nTfflt3*>S 
fc. **VTte2Wc&S (B) rtTjHH-S,Ifcfc^ 

-if^Bm^^BSb^^yX^ (HEMT) CfOTS 
40 iiTi-^. 

[ 0 0 0 4 3 U TcoeiSS- 2<JScTffl tii«>* 
fc. *+UTttlJWaS9B (18) rtTiHH-SJlfcfc:^ 

s . £ coi a ^ffijsna^jant v if . y to 

SAS?:3»5cTWt3i«>l.fc. ^^DTttO^^c^ 

u 3<^7cessi&ir-rs^yTfcJt*$<^ss 

50 [00053 01 ltt. fi£*S«fcJ:*3oo*^ffi^ 
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ffiffiZtff. 01 1 (A) . (C). (E)tt3OC0 
ffi3:Wmt&tiib<m^T$> 0.011 ( B ) . 

(D) (F) ii*tl?tWft?Z>YmX't,Z>. 

[00061011(A). (B) li. K54x./f-y 
^fcJ:S*f K^^t»5r^-r. fflgl 0 1±|C 
J£V v^y r-'Jf * «y 7V)8 1 «A'y 7*1 1 0 2 . &l v\> 
-y 7*tf)#FJl 10 3. Jt£W*y K^f ^ >y ~T<F>W> 2 

rii o 4 -eoitr?;*? 1 o 5 
utta. 1 0 scvmmmi. an ( b ) 

[00 07] icOVX^lOS^x-yf-y^v^^tL 
TWA'VTS 1 0 2. 1 04*J«J:tf#FJf 1 0 
3*F?4x-y*y*f4. K^x-yf-y^futtf 
FS13 0{±. ±TS-^'UTfll0 2. 10 4fcJ:^T 
BSSfl. *OjfH£-?;*.7 1 0 SOSotx-yfy/ 

[ 0 0 0 8 ] #FJ11 0 3tf>ff$fc,ktfVX? 1 0 5 CO 
^jfc£$M»N-£ i fc IZX 0 . #F« 1 0 3"Cf«3*ifc 

•? . #F» 1 0 3 jW*-S*H»*. 

[0009] 01 1 (C) . (D) ti. StiRlfcSfciS 

»^<of&*a&«£^-r. s«i 0 io*ni:(=Mn* 

#tSSi0 2 7X?1 0 6#?gj££iVO^>. <r«os 
io* vx?i06(i. 01 1 (D) fcr^i^t. 

f: ttwrmu 107 . up 1 0 7 o&sa 

«. TiftfflSl 0 lc7)|g^jS*fi[*^i?-frT^l6jftft^> 

[00 10] SiOz VX^10 6c7)HP10 7rttS 
iB3ix*:£«l 0 138BJjcxe?*i/*Jl<ftJt£fi : 
o. MX&zmtR-f&Zbtzi'). xe**>MrJMfc£ 
ttlBP 1 0 7rtTJJ5rfcl»ia > 3fc:ftoT. Brffltfr'/hS 
< hf 5 5 -y K«(ClK*-r S . 
[00 11] xe**S/+/M8ftfcJ:o-C'<yTJIl 0 
2 . #F* 1 0 3 £ fc . /Jv£&St«<7>#F« 1 
0 3*^itS. IBP10 7cO^Rt3J:^N'UTS10 
2 . #F« 1 0 3 WSff £ siR-r h Z. b tz X *) . #FJf 
lOStJ^Tfi^ffitf^JiSiSiiS. L^U^*^. £ 
W*ffifcJ:oT»<?>*tl.* : Fffil0 3Ji. 1^55 >y HO 

[0012] icoi 5 t. H 54 i7f^WS 

(cio t*? h -y b mmmmizwi 
mm*&j&t& z. tux-* hit. h -y b<ojgj£a 

[00 131011(E). (F) li. tfh> h«0i 

. (001) mn&n-h g a a s m 

«1 1 l±fc. A 1 GaAsA' 7 7Tll 1 2£x£* 
*S'*A'ft£U -5-cOJifcGaAsJll 13£xtT:?* 
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is-vnsfiL&th. GaAsfl 1 3<0±t. I n«j£# 
&0. SSSfcrtS^S^^^^^^I nGa 
Asll 14£tfcftU Stfcf<Ol{:GaAslll 

A'^ffd^fctlJ:'}. InGaAsI114rttIni 
[00141 VittfrYmt* ^^xf^df >- (MB 

io e) izi^xzniozwtfmmBmvz&ztzm 

&LX\>^h (D. Leonard et al, Appl. Phys. Lett. 63 
(1993) pp. 3203 - 3205 ) . 

[ 0 0 1 5 ] ifc. «ffi*ayfeR^ta«*s 
(lp-movpe) zm^tim?mf&M (ale) 

I nAs/GaAs»Jf*»^ic7)«td : 5:I no.5 
Gao.s AslfH-y hSr#«T-5S^t$:«feLTV^ 
S (K. Mukai et al, Jpn. J. Appl. Phys, 33 (1994) 
PP. L1710 - L1712 ) . 

[ o o 1 6 ] a Jti/s^twskimw&msM: 

20 (MOCVD) ^ffllV GaAsSRhtl nGaAs 

X^%> (J. Oshinowo et al, Appl. Phys. Lett. 65 
(1994) pp. 1421 - 1423 ) . 
[0017] nWiZ. (100)GaA 
si&ttMBEjfflWI nAsffcGaAsi^ 
*U *^K»/b* J ft^l.C:i:^ffi©L.TV^ (J. 
Y. Harzin et al , Phys. Rev. Lett. 73 (1994) pp. 7 
16 - 719 ) . 

[00 18] ClcOJ:o=5r. S^K-yh^gMje^cffi 
30 tt. F74x-y?-y^u-fex£fflvv5:U7t«>. M^fK 
»y h -^'#A *»oi^ H>y htrf^^L 

tzw>m.fm* y p®.£.&x hm&k&rh . 

[0019] t*»L^r*«^. m^yhim&^tL^ 

■y htfDfia^SJWC^ ^r(m»f . ZCDXo ttXPT*4 
40 [0020] 

[0021] *ffc>$jtf)B«ii. maaamzyx-S'to 
m k >y h ^f^is-rs i t S^«^BO 

flWS^&tt^ H -y b S:fiJffl Lfc^£tt§£S£igtft-r 
50 [0022] 
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h^m^^thm^mm-h^^yyjMt. mm 

Ztlh. 10 
[0023] *%Bgcofl!!«ll^(c Xtili „ -S&OBWfi 

M±t y TWO KffiittfgSr&iSgLjt^ 1 co 
[0024] ^i*»S^ffifc:?gjSLfc|HI^rtt:»^ H 

* . 4 . *r- h v h m&tiimmiz j o 20 

fc*>. »^ b* -/ h fcr^-i^t-^i 6 £ t #4*5: 
[0025] itflJS ZM&tZ Z b izX 

[0026] 

KScffitjEHBtt (xh^KW m#<W*:X (T 
SR) *ft^*xy?->'*']jS&i%?-. 30 

[00 27] HI (A) (£j*-*-J:3£, (lll)B* 
MttSn* SGaAsS«l<9fl®±fc. S i O2 
■ 2*flS*MBftJt (CVD ) (CJ: *)mZm 0 0 nm 
IffltJ. *M^*Xh£fflV\ SiO: BI2#fcttg 
#2ju m<Ol3Pg|5 3 fcJRfc**. 

[OO28]01 ( B ) iZ^rf'X d fc. ltt»<V)% 

(ommzsttx.? s-frmmx-s i o 2 vx?2£aL 

TGaAsMUItttX^fym. lV%Br 
2 -x?y-/l4§iffli. GaAsco ( 1 1 1 ) AfflJifJ 

tsaj g a a s ma&SNzx- v*>rztih *\ 
(in) Aii* i sa5'r-&tx.y^y^{±wxtiiff 

L=5r<=5:S. X7fy/JiiU^<t. 01 (B) 
fcSffidfc. ■P3fcJM***=aitjWtt«:hJfci* 

□ 3T8Sfcte. (Ill) AiB-C»jR$tlfc3IlIjtt««o 
[0029] 01 (C)ti. Zft&WlI&ttiScOifc*^ 50 
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(in) AffiTte&< . mmmt n«<o ( 1 

1 1 ) Bffi*i^SWfc^S. =5rfc. S8BU±. 200 ( 1 

1 1) Amcotymtzh*). (00 1 ) mtMA-tzti, 
[ 0 0 3 0 ] H2ji. z<7)£ o frftf&Litmmvmm 

* (TSR) <9+fc. xtf^^/t-jfcgSrfTdlg* 
GaAslgflfcLThlM^MPJ^A (TMG 
a). InPtfcLTh^f/H^AfTMI 
n) , tJiVAs^fcLTT^y (AsHa ) 5rffl 
V\ £E* 5 0 t o r r tOjS£E*«^g^ffl«ftS ( LP 
-MOVPE) feriO. JfcSiag600tX 700TX 
V/I I IJt£GaAsJf£itl/Cl 9 1. 1 9. I n 
GaAsJBfc*tLT17 0. 1 7-CXt?4f 
£fr^»t. 3rfc. V/I I I Jt»iA s H 3 n^MZ^t 

xm&LK. ^m^mmwm^vmxt hm&. 

m±, znAWOng&no-h. j£ftiSJK6 0 01c. v 
/I I IJtl9 (17)^-Ciot. jy.T. 

co^Koxe^^f^-v^^gstcov^Tiaajf * . 

[0031 ] 02 (A) t*t«tat. S i O2 
2XmhtlitGsLAsW^l<nm^Affmm±.^ Ga 
AsA'.y7rS7^f?Jf|30nm, f<7)±CInGa 
As#FJf8. S£K*<0±fc:GaAs3r¥«yTJg9£ 
ff?J<;2 0nm^Lfc. InGaAstF18»S3 
(i2 . 5~ 5 0 n mcOST^tS-tt*:. lEHffiftSlH* 

(TSR) COS^SIi. 10 6 cm-2grC*ot. 

[ 0 0 3 2 ] 02 ( B ) C^-r X OK, Si 0 2 
2?rStfc44. J&K£?r3i:. 7X? 2T<??n3*4rt 
|cx^^^^KMfi£L s SiOz vx^2<0T« 

[0 033] xtr^^f^;^5:^LJta. S i O2 
VX?2£8fc£U *h^5*-ytyx (PL) *iag 
5K, H^3fcx*7Mr2 5W/cm2 Ta^Lfc. 03 

(A) tt, PL8lSw*S*i&Srr. 8Wi?Bfco*hy 
x^;^2r e V#ffiT^L. SE««iPL^^2rffg 
SmX-TFf. I nGaAs«860 (111) AB±»fl[ 
3#5 0nm?)*§&?)PL3&gS:. 03 (A) coffiglp 

1 HZ^t. 0^. 1. 4eV*JJ;Vl. 46eVtf)ffi 

*m 6 0 m e VJi. *^>f X^STttfiHHT'^ ^. 
i^^X^i. 2. 2meVgS-C*S. 1. 40 

[0 0 34] 03 (A) cr>m\km®<?>mm.Xl nOa 

As#p^8coafl:*wv^y7-^t^t. naitp 

Laj^Srtfo^:. 03 (B) (i. I nGaAs/GaA 
s ^^;I^.TOg^O p Lffl5g£7)i|£3l£5jrr . I n G a 
A s®cOJPS»i. (Ill) Affi±.X$)2 . 5 nmt* 
03 (A) Pitt. fiHliM^lW^eVffi 
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[0035^3 (a) (oy?>i^7-vim<7)m£bm 

«t PLSfegSr^-Tftgip i 2fctt2otf)?fc3fctr-;?# 
■ill. 45eVtl. 48eVT»-)t. 1. 45e 

voe-^ii, i nGaAsme>mmjm<%z>tmk 

[0 0 3 6] 03 (A) „ (B) (^i-2ocOPLt- 
jfcgLfcl nGaAsJl#28Sc9ttM£ : frt& 
Zt£tF&LZ^&. 04«. InGaAs/GaAs 

(CL)«5&Di|&|i£^-. CLjBS«iag5 0KTff 
oJt. 04 (A) H x 1. 4 5eVc0^3K5-fi : oTV^ 
*&&<#¥KT*;fc9. 04 (B) BU 1. 48eVO&3fc 

[0 0 3 7] 04 {A)<7mtm%t. 04 (B)<D|g 

itmtfmffltifew&i.zhhztimh. 04 <a) & 
sta^^s. zcommmt. tsro < 1 1 1 > 

Affi*^Sg0ttS{e*tJ£L-O^. 20 
[0038] 04 (B)fc^-Tl. 48eVO&3fti, 

TSRo(ni) ABStcfflSLTV^. c:?>J:3fc:. 

^<t*,Hafc (111) AfflHSfctjn 

[0039] znmtc&fcMffmai. mutmmizts 

^X. I nGaAsmWm%&'<>m&£&t&t% 

o.i Gao.s As#JfcgLTW&j&i v USStfcUTtt I 
nfi^OiOaV^ UOV^-Yv-rnXVm-*) I nG 30 
a A s L T V i: £ ; fc #T £ S . 
[0040] ttl^ I nGaAsfl*qEHKft»K^ 

• (1+cof a) aT<7>mBlZ&\,\r. K^SvK 

V^S. as tttf-T¥g£^U 

t\ K*ffJi^<i:t3 ■ an A5t»ffl$as. S 

"f^Z-Htfmti-tZtctbMi^ InGaAsl»2 

[oo4i] KimmL^rtKm^iz^xh. 2 
-yrmtv-t&mL-rhzkzwffix'th. tsrh 

Y*vvrm\^mmLix\^c\}i *jhix 

[0042] Z<7)J: 5 fc v Efimmfi<DWX.<r>mtz. 
fcfeV *T*T K <y h S £ i **!H|S . Dfl*?* 50 
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mt. iEwmfmftx$gmtzmmztuztf. m<m^ 
x't>^x t9o^H-»izm^fmx'htLtmmffym^ 

F¥r v7<0J&^m$^zx.t;?*i,v!Um 
-ffllf . A> >/ ram. ^mftmommzS? 

H y h ZT&tiLX-% &x-b*> o . rt> y tv^v^ 

mx$ . *?MB*fttt?£ £ fc *> T'£ I. T*>* d . 

► [0044] mLtcoimnmii. vx? emcum 

iz£-oXm%X'£ mrntn&WiZ&Ff-Yv VZft 

Mi. v-yjx. ^y^m^f\,zm^x% . mtmsk 
[0045] H5. 06«. ^mcrmmuz^mf 

4. 05 (A) IZTFTt XdiZ^ (lll)BfflS-^S 
n + IGaAsfflSl l<^ffi±fc. CVDfciOffS 
100nm<0SiO2 Jgl2^JftSi-|, 0 ^ SiO 

2 mi 2«. Lxmrn-zmx-b*). m?> 

nemsx-mm-h z. t mmx-h h . 

[0046] 05 (B ) IZmTXolZ. SiOz )gl2 
<D±fc* h VVX bM 5 2 frM^L, * h »J -f 
fcJ:Ottg2//m«0|gPaJ5 3*»Jilt^. 
hvx^5 2S-x»yf->^vx^fcL, ^TOSiO 
2 Kl 2^^P5 3fc:^T-'^-^.y^'-rs. icOM 

2«|^£^-S. 

[0047] 05 (C)tt. l/y'Xhy^-yj^L 
JtS i O2 7A^«J^-„ S i 0 2 1 2 

tt. eg2)umC0^P13^fiii.|,. §3P13rtttt. 
S«l ( 1 1 1 ) BWAJSffi-rS. 

[0048] 05 (D) liZm-Z.?liZ. Si0 2 1S12 
tx,fym?kL. *IS1 loSaiL^*Bii^ 1 
V%Br 2 X^y-;Pj§fBrC^ttx>yf-y^|,„ ,r 
<0M3rttx>y?-y^ ( 1 1 1 ) Affifx yf-y^ 
S«ffiJ6Tfi<^l,„ U^*?oT. SJKiS* 4 (111) 
Affifcr&ofcB^ x.y^y^Ji@irf|E J t-f§ <> 
[0049] KP13S-. ( 1 1 1 ) Am&$m<7> ( 1 

1 1 ) Bmt^m-hm.<7)fmfrtni. mtz^t^d 
izmn 1 3<7M%m& ( 1 1 1 ) ami 5tfmf&ztixi 

[0050] z<r>m. ma immziijwmimem 
*i4im&ztih. £jt*u ia*i4co]igpi6«. 

Bffilz (111) Affi^T'Jg«S^Si?ltT'«^<, 

6(cfcv^T(±, ^ffi^T-^S (ill) Bffi#3£ffi 
Soffit ^rS. 

[ 0 0 5 1 ] vx? 1 2coHP(i. P3^ x Zft 
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muz (in) Am<r>E&mm<m*iJ t x.vi->r 

[0052] ifcfc. WX-14 rtfcxtr^i^t-jfcfifc 
?t3. HI. 02£#«ILTiMBL*:J:3fc. vxfifi 

[oo53] xe**s-v;n£jni x r c fc num&m 

6 0 OX^X. timtfXt LX h VX+frXV >>A ( TM 
Ga)> Ml^fMy^A (TM I n) , T;PvV 

(AsHa ) £JB<,\ nM^a^fcLT^V (Si 
H 4 ) £fflVvC«EEMOCVD-c-ff5. 

[00 54] 05 (E) fc^-Tidt. 2iT>3**IK± 
fcnaGaAsA' 7 7rll 7^§lil3 0nmMt 
6. nS^ft!B8«^±jtti.tflxi0 18 cm-3fci- 
£. 06 (F) (C^-TJ;5JC GaAsA' 7 7r|17 
coaffl±fc. (Ill) Affl±r<DHj£#A 1 o. 2 G a 
0.8 As»AlGaAsA'iJ7il8i&S§i!)5nm« 

[0055] iJcfc. 06 (G) iZ^tXo^. >v)rm 
1 8<0^ffl±{C. (Ill) AW±T?)fflj£# 5 I no. l 
Gao.9 As<0InGaAs#FI19$f?fi5nm 

r&M&h. mm± (in) AmixmsSLtm 

[0 0 5 6] ifcfc. 06 (H) fc^-idfc. #FJ11 
9<0^ffl±tAlo.2 Gao.s AsA»J7JI2 0£ff$ 
»5nmMt5. 06 (I ) t^rTidt:. nSGa 
A s «figXtM 5 1 £^SIM<D[Hl*a*3r< 5:1, £ Tj£ 

fi-ts. nm?mymmt. titti*. 2xio i8 cm 

Jgl8. 2 0tm«ftJHIIfenRA3*i*. &fc\ 0 
4r£TSrt:JSB B H Srfi$-^i>ti:T^r. pg»«>]Rff l 6fc 
fcwcUL £EW=5rffl;frfi{i (111) Bffl-c&O. * 
onoflBTU: (111) Awmib-t&. 
[0057] #pm 1 9 fciswcii, 3 fcrHS 

tt. mffiJRfflUB#5 1 tKy7*2 0*8W,T*lr£L 

■o**. wsli i fc«axaj««5 1 tcmco'^rx 

[0058] fci: £Jf , 5**— *vk*:7? *)X?)V?xi 
-X (J. Crystal. Growth 107 (1991) pp. 989 - 998 

) <?VrW— (Kay ser) tf)|fcS?K ^9 9 5H 
fc^S*lTV*5J:3fc. InGaAsS: (111) Affl 
Mill) BfflTR^JitS-rSfc. (Ill) AH 
CfcWCtt. (1 1 1) Bffl«J:OGaAsiffl^{p-K<^ 

[0 0 5 9] ttbh. ( 1 1 1 ) BBfc&VYttt* 
(111) AffiiOkl nfij£OiS^I nGaAs£S 
tfjfc&tS. LtaPoT. JtFK-jr h-QD«, ( 1 1 
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1 0 

1) Affi±<01 nGaAs^SiOtiSVU nffl^^W 
fSI nGaAstMSflTV^ttx^. 
[0060] 1ti£aJ:3fC. Z<0£o%t:7$y 

[0 061] D0artlcrfy7rJI. Ayr*. # 

[0062] 07t±. J3£tf)l£ft;fr8j<7>^0L ffiEfl 
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